Abstract: We examine the dynamics of coherently coupled heavy hole excitons localized within spatially separated quan tum wells with an energy difference equal to the LO phonon energy.
1 Introduction: Coherent coupling phe nomena are observed in many areas of physics.
In semiconductor quantum wells, localised HH and LH excitons or excitons and biexcitons can be coherently coupled [1, 2] . The interaction between excitons coupled to continuum states dominate the non-linear response of exci tons when the exciton and continuum states are coherently excited [3, 4, 5] . Spatially separated excitons, localised within monolayer fluctuation islands have also proven to be coherently coupled, however the mechanism mediating this coupling is still being debated after the first observation 20 years ago [6] . It has been proposed that coherent coupling may play an important role in the high ef ficiency of energy transfer in biological photosynthetic systems [7] . Recent work has demonstrated coherent coupling of spatially separated excitations within such naturally occurring systems at room tem perature [8] .
The aim of this work is to determine the range over which spatially separated excitons may interact coherently. Semi conductor quantum wells provide an ideal platform for studying such interactions in controlled conditions. Current growth techniques allow quantum well structures to be formed with monolayer accuracy, allowing precise control over their optical properties and exciton interactions. Vary ing the quantum well width can control the transition energy of single quantum 978-1-4244-7333-5/1 0/$26.00 ©20 10 lEE E 115 wells and the relative difference in transi tion energy between two wells in an asymmetric double quantum well (ADQW) sample. Varying the width be tween the two wells controls the spatial separation between the localised states. We explore these effects with a set of GaAs ADQWs with well widths of 8 and 5.7 nm and barrier widths (8W) of 2, 4, 6, and 20 nm. In this case the heavy hole exciton state from the wide and narrow quantum well is separated by the longitu dinal optical (LO) phonon energy. We would like to determine if coherent cou pling of spatially separated excitons can be mediated by a coherent phonon. 2 Results and Discussion: Spectrally resolved four wave mixing (SR-FWM) is used to explore the coherence properties of our quantum wells at 20K. Coherently exciting both heavy hole transitions with a broad (22nm FWHM) femtosecond pulsed laser (60 fs) of the sample with the 4 nm barrier separation produces strong beating on the narrow well heavy hole transition (Fig. 2) . The beat period (95 fs, 43 meV) is very close to the transition energy separation between the heavy hole states (42 meV) of the wide and nar row well. This is a clear indication that the two heavy hole states are coherently coupled in this case. For the sample with BW = 2 nm, we do not observe any extended signal from heavy hole transition of the narrow well.
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This is most likely due to the strong tunne ling of this transition into the wider well, and as it is resonant with the heavy hole continuum states of the wide aw, rapid dephasing takes place. Extended signals from the narrow well heavy hole transition are observed in the samples with BW = 6 and 20 nm, however no beating between these two transitions is observed.
Two colour FWM experiments were used to eliminate the direct quantum pathway that would lead to signals gener ated at these emission energies (ie. three rr/2 pulses with energy 1.618 eV). This was done by inserting a bandpass filter into the first excitation beam and exciting just the heavy hole exciton localized to the wide quantum well with the first pulse. In this arrangement we observe a coupling induced signal at the narrow well heavy hole transition even out to our widest bar rier separation of 20 nm.
